TITLE OF THE INVENTION 
Projection Lens and Liquid Crystal Projector 

5 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

10 The present invention relates to a projection lens, and 

more particularly, to a projection lens used for a liquid 
crystal projector that magnifies and then projects an image 
produced by liquid crystal valves of liquid crystal display 
(LCD) elements. The present invention is also related to a. 

15 liquid crystal projector incorporating the projection lens 
therein. 

PRIOR ART 

20 

A liquid crystal projector produces image data of three 
primary colors, B (blue) , G (green) and R (red) on its respective 
light valves, and then, after letting tight fluxes of the image 
data of the primaries pass through a cross-pr i sm to refract the 
25 light fluxes into optically coaxial f luxes ,"di rects them upon 
a single projection lens to have a projection image on a screen. 
Since the cross-prism is disposed between the liquid crystal 
panel and the projection lens, the projection lens of the liquid 
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crystal projector is required to take a long back focus. 

To produce a clear image from light beams of G, B and R 
in color entering and exiting a dichroic mirror, it is desired 
that the projection lens is strongly telecentric to propagate 
5 a principal light beam with merely slight inclination. Also 
to make a produced image clear, aberration, especially, 
astigmatism, abaxial spherical aberration (coma), distortion, 
and the like must be corrected. 

When the liquid crystal projector is to serve as a rear 

10 projector to cast light from behind the screen, it is 
additionally desired that the liquid crystal projector is 
compact and particularly incorporates the projection lens of 
a short focal length that enables a wide-angle projection. 

An exemplary projection lens in the prior art is 47.00 

15 mm in focal length, 154.99 mm in back focus, and 71.48 degrees 
in angular field and is highly telecentric in a section of 
reduction (e.g., see, as a whole. Patent Document 1 as 
identified with Japanese Patent Laid-Open No. H09-68650) . 

Various features of the projection lens disclosed in the 

20 Patent Document 1 are generally unsatisfactory to make up a 
currently demanded compact liquid crystal projector capable of 
projecting a clear image, and therefore, a solution to this is 
a projection lens that especially has a longer back focus 
enabling a wide-angle projection, with astigmatism, abaxial 

25 spherical aberration (coma) , distortion aberration and the like 
being sufficiently corrected. 

The present invention is made in view of the 
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aforementioned disadvantages of the prior art projection lens, 
and accordingly, it is an object of the present invention to 
provide a projection lens of back focus long enough to enable 
a wide-angle projection with astigmatism, abaxial spherical 
5 aberration (coma) , distortion, and the like being sufficiently 
corrected. 

SUMMARY OF THE INVENTION 

10 

The present invention provides a projection lens that 
includes first to third groups of lenses Gl, G2 and G3. The 
first group of lenses Gl consist of four pieces of lenses, and 
the f i rst or foremost negative one of the lenses is an aspheric 

15 lens. The second group of lenses G2 consist of two pieces of 
lenses, and the first or foremost negative one and the second 
posi ti ve one of the lenses are joined together , The thi rd group 
of lenses G3 consist of six pieces of lenses, and the second 
foremost positive one, the third negative one, and the fourth 

20 positive one of the lenses are joined together. The projection 
lens is characterized in that the following formulae are 
satisfied; 

(1) bf/f^l.S , 

(2) 1.1^ /2//3 ^1.6 , and 

2b (Sy 1.65^|/l|//^2.05 , " ' 

where fl, f2 and fS are focal lengths unique to the first, second 
and third groups of lenses Gl, G2 and G3, respectively, and f 
and bf are total focal length and back focus of the whole optics. 
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respectively. 

The present invention also provides a liquid crystal 
projector having three liquid crystal panels for three primary 
colors in combination with the projection lens. 
5 In the projection lens according to the present invention, 

a condition of (1) 6///^2.8. leads to a longer back focus that 
ensures a space occupied by optical elements such as a dichroic 
mirror (cross-prism) as well as a shorter focal length that 
enables a wide-angle projection of which short projection 

10 distance further enables the projection in a restricted space. 
Unless the condition is satisfied, it is impossible to ensure 
a sufficient back focus. 

Another condition of (2) 1 . 1^ /2//3 ^ 1 . 6 guarantees a 
sufficient back focus with various aberrations being well 

15 balanced. Under a condition of /2//3<l.l. G2 is relatively 
greater in refractive index than G3, and this causes an 
insufficient back focus and an unsati sf actor i ly corrected 
spherical aberration. This also causes a negative field 
curvature and a positive distortion. When a condition of 

20 1.6</2//3 is satisfied. G2 is relatively weaker in refractive 
index than G3 , and this brings about a sufficient back focus 
but instead causes a positive field curvature. 

Another condition of (3) 1 . 65 ^ ^ 2 . 05 ensures a 

sufficient back focus and also guarantees satisfactory 

25 corrections of abaxial spherical aberration and astigmatism as 
well as a smaller aperture of the first group of lenses Gl. A 
condi tion of <L65 is advantageous in ensuring a sufficient 

back focus but has adverse effects of a greater refractive index 
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of Gl and a greater positive field curvature, especially, a 
positive transitof a sagittal image surface. Under a condi tion 
of 2.05 <|/l|// , the aperture of the lens group Gl should be greater 
to space the lens groups Gl and G2 farther from each other for 
5 a longer back focus. 

The first or foremost one of the four pieces of lenses 
in the first group Gl has its surface shaped negatively aspheric 
to reduce distortion. 

The first or foremost negative one and the next one of 
10 the two pieces of lenses in the second group G2 are joined 
together to successfully correct chromatic aberration. 

The second foremost positive one, the third negative one, 
and the fourth positive one of the six pieces of lenses in the 
third group G3 are jointed together to successfully correct 
15 magnification aberration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1 depicts an embodiment of a projection lens 

according to the present invention, together with its optics 
and optical functions; 

Fig. 2 illustrates graphs of comatic aberration of the 
projection lens; 

25 ~ Fig. 3 illustrates graphs of spherical aberration of the 

projection lens in relation with sine conditions; 

Fig. 4 illustrates graphs of astigmatism of the 
projection lens; 



5 



Fig. 5 illustrates graphs of transverse chromatic 
aberration of the projection lens; and 

Fig. 6 illustrates graphs of distortion of the projection 

lens . 

5 

BEST MODE OF THE INVENTION 

A preferred embodiment of a projection lens according to 
10 the present invention will be described in conjunction with 
optical data and the accompanying drawings. The projection 
lens is. as shown in Fig. 1, 11.406 mm in focal length, 2.30 
in F-number, 52.502 in projection magnification (horizontal 
magnification). 69.0 mm in effective aperture of the first or 
15 foremost lens. 31.5 mm i n effective aperture of the last or 
rearmost lens, and 183.181 mm in a distance from a foremost 
surface of the lenses to an image plane. In Fig. 1. spherical 
planes of the first and second foremost surfaces having 
respective paraxial curvature radi i are depicted in broken line. 
20 Optical data of the projection data are described as follows. 
CI in a column for lens numbers designates a composite aspheric 
surface while PI denotes a cross-prism. 
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Formulae expressing aspheric planes of the first, second, 
and the nineteenth foremost lens surfaces are as follows: 
5 X(H) = {H\lR)iy V-^ {h\IR^YV a,H' ^A,H'-^A,H' ^A,,H'' 

where //is a height perpendicular to the optical axis, X(HJ is 
a displacement along the optical axis at the height H relative 
to the origin of an apex of each surface, ^ is a paraxial 
curvature radius. is a constant of a cone, and An is a 
10 coefficient of each aspheric surface of the n-th degree. The 
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coefficients of the aspheric surfaces are listed below: 



Number of 
Surface 


Constant of 
Cone 


Coefficient of 4th 
Degree 


Coefficient of 6th 
Degree 


1 


-99.0000 


-1.86198E-06 


3.40638E-09 


2 


.5502 


-1.59010E-05 


1.33663E-08 


19 


.5408 


8.56503E-08 


5.36726E-09 



Number of Sxurface 


Coefficient of 8th Degree 


Coefficient of 10th Degree 


1 


-2.52108E-12 


6.08903E-16 


2 


-1.05787E-11 


-1.51678E-15 


19 


-2.32488E-11 


2.32204E-14 



5 Various aberrations of the exemplary projection lens of 

the present invention are depicted in the drawings. Fig. 2 
illustrates comatic aberration. Fig. 3 shows spherical 
aberration (SA) in terms of sine conditions (SC) . Fig. 4 shows 
astigmatism. Fig. 5 depicts transverse chromatic aberration. 
10 Fig. 6 shows distortion. In Figs. 2 to 6 respectively showing 
different types of the aberration, graph 1 to graph 4 represent 
the aberration at various levels of wavelength, 550 nm (G) , 435 
nm (G) . 460 nm (B) , and 620 nm (R) in order. 

15 In accordance with the present invention, the projection 

lens has a back focus sufficiently long to enable a wide-angle 
projection and has astigmatism, abaxial spherical aberration 
(coma). distortion, and other types of aberration 
satisfactorily corrected. 
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